ABSTRACT Chickens, as well as other animals, have the ability to change their behavior (behavioral plasticity) and physiology (physiological plasticity) based on the costs and benefits to fit their environment (adaptation). Through natural selection, the population preserves and accumulates traits that are beneficial and rejects those that are detrimental in their prevailing environments. The surviving populations are able to contribute more genes associated with-beneficial traits for increased fitness to subsequent generations. Natural selection is slow but constant; working over multiple generations, the changes to the population often appear silent or undetectable at a given point in history. Chickens were domesticated from the wild red jungle fowl. The principle of domestication of chickens, as well as other farm animals, by humans is similar to that of natural selection: selecting the best animals with the highest survivability and reproducibility (artificial selection). Compared with natural selection, the process of artificial selection is motivated by human needs and acts more rapidly with more visible results over a short time period. This process has been further accelerated following the development of current breeding programs and the emergence of specialized breeding companies. A laying lien, for example, produces more than 300 hundred eggs a year, whereas a jungle fowl lays 4 to 6 eggs in a year. During the domestication process, chickens retained their capability to adapt to their housing environments, which is usually achieved by genetic changes occurring with each subsequent generation. Genes control the behavioral, physiological, imimmological, and psychological responses of animals to stressors, including environmental stimulations. With advances in understanding of genetic mediation of animal physiology and behavior and the discovery of the genome sequences of many species, animal production breeding programs can be improved in both speed and efficiency. Modern chicken breeding programs have the potential to be operated successfully in the breeding of tomorrow's chickens with high production efficiency and optimal welfare, resulting from resistance to stress, disease, or both.
ior to fit a particular environment through adaptation (Crespi and Denver, 2005) . How well animals adapt to their environment affects their reproductive success, survival capability, and degree of well-being.
Adaptation, in a physiological context, is the basic phenomena encompassing various biological processes that ensure an organism becomes better suited to its current environment (plasticity). In an evolutionary context, adaptation refers to changes in the characteristics of populations or species resulting from natural selection. The apparent degree of adaptation could be significantly different among species and among individuals within a species based on their genetic make-up (hereditary); however, adaptation is a universal reaction of all living organisms. In general, adaptation can be classified as evolutionary adaptation (heritable changes over generations), individual adaptation (changes within air during its lifetime), and cultural adaptation (passing on individual changes to others in the group). In fact, there are overlaps between the different adaptations in animals to meet the requirements 805 of their given environment. Commonly, animal populations are genetically modified in response to environmental challenge to shape their unique characteristics in an adaptive manner (Brommer. 2000; Horton, 2005) . The genetically associated adaptation can be observed in changes in the physical, physiological, and behavioral expression (i.e., associations of molecular markerbiological traits; Gilbert, 2001; Nijhout, 2003; Crespi and Denver, 2005; Soller et al. 2006) . The ability of animals to express plasticity at genetic and physiological characteristics provides a foundation for the breeding of tomorrow's chickens to improve well-being and, at the same time, to meet human needs.
MECHANISMS OF ADAPTATION OF ANIMALS

Genetic Plasticity
Genes are sensitive to environmental change. Adaptation of animals can occur through modification of their chromatin structure, such as change of the gene sequence through genetic drift, mutation, and recombination (Soller et al., 2006) . Genetic changes in a population of animals, as a function of selection pressure, lead to sustained differences in phenotypes (phenotypic plasticity). Each phenotype, with changed gene expression, will have uniquely observable biological characteristics (Price et al., 2003; Price, 2006) . For example, natural variations iii stress response in rats influence gene expression and stress response in their offspring (i.e., some of them adapt to stimulations better than others; McGowan et al. 2008) . Genetic improvement of farm animals including chickens has been done through selecting varieties under the production conditions (phenotypes based on human needs). The better flitted animals were selected to breed (specific alleles) and, consequently, to pass on favorable characteristics (genes) to their offspring. Genetic diversity in chickens (Solleret al., 2006) and their different expressions in response to various stimuli, such as social stress and temperature (cold and hot stress), have been reported previously , (Craig and Muir, 1996a,b; Hester et al., 1996; Cheng and Muir, 2005) . Understanding the mechanisms underlying genetic plasticity and expression as well as their association with biological traits will provide new strategies for breeding tomorrow's chickens to improve their well-being.
Physiological Plasticity
Physiological plasticity refers to changes iii the biological processes of an animal in response to environmental stimuli. It permits the animal to adapt to a particular environment for successful survival or reproduction, or both-In animals, physiological changes could act at multiple levels, such as within the endocrine, metabolic, and nervous systems. Among these systems, the nervous system plays an important role in animal adaptation to a given, environment.
In the central nervous system, neurons receive, identify, integrate, and interpret incoming sensor y stimuli from the internal and external environments of the body, their electrochemical impulses that are transmitted to the effectors organs of the body (muscles and glands) to initiate appropriate responses to the stimuli (adaptation). The responses aim to satisfy physiological drives of an organism. such as survival experience of positive or avoidance of negative eiuotions, and learning to improve performance. In response to changes in the environment, neurons have the ability to change cellular characteristics and functions (neuroplasticity).
Neuroplasticity refers to the ability of the brain to respondand adapt; functionally and structurally (such as synaptic plasticity; i.e.. activity-dependent modification of the strength of synaptic transmission) to a, given environmental challenge, which in turn adjusts subsequent movement, thoughts, feelings, and behavior (Kasper and McEwen, 2008; Pittenger and Duman, 2008; Calabrese et al, 2009; Maleszka et al., 2009 ).
There is evidence that suggests that the central nuclei of avians, at least in part, are morphofunctional homologous to the mammalian nuclei, such as the hypothalamus (Watkins, 1975) , nucleus taeniae (homolog to the amygdala of mammals; Thompson et al., 1998; Soma et al., 1999) , and Raphe nucleus (ChalIcE; , and exert a similar capability for plasticity in response to environmental stimulations (Lowndes and Stewart, 1994; Tramontin and Brenowita, 2000; Meitzen et al.. 2009: Wissman and Brenowitz. 2009 ).
The mechanisms underlying alterations in neuroplasticity are believed to relate to changes in neurotra.nsnnitters.. hormones, and growth factors (Kasper and McEwen. 2008) . Neurotransmitters are regulated by neuronal activity that is affected by changes in the morphological and physiological properties of the central nervous system neurons. Changes in the neurotransmitter system, including alterations in biosynthesis, densities of receptors, and gene expression, have been used as indicators of central neuronal plasticity in response to stimulations, including domestication, in mammals (Popova et al., 1997; Ferris et al., 1.999) . These changes functionally help the animal to adapt; to its environment and are reflected as changes in behaviors. There is evidence in birds, as in mammals, that neurotransmitter systems exert similar functions in controlling behavioral adaptation (Barrett et al., 1994) . Previous studies have shown that there are similar distributions of neurotransmitter receptors, including dopaminergic and serotonergic receptors, in avians as those found in mammals (Richfield et al. 1987 : Walker et al., 1991 . Different genotypic or phenotypic, or both, characteristics are associated with specific neurotransmitter systems (Popova et al. 1997; Siegel et al. 1999 ) and several neurotransmitl;ers, such as serotonin (5-HT) and dopamine (DA), that control stress response and behavioral styles have been reported iii animals including thickens (Bell and Hobson, 1994; Popova et al., 1997;  . Weiger, 1997; Muir, 2005, 2007) .
Behavioral Plasticity
Behavioral plasticity is defined by changes in the way that individuals respond and interact to a given environment (such as searching for food, mating, vocalization, and migration). Behavior of animals is controlled by both internal and external factors. Behavioral traits evolve as a. function of other phenotypic and morphological traits, such as neural and endocrine factors (Hetts, 1991; Mehiborn and R.ehkamper, 2009 ). For example, in the chickens, behaviors such as fear, feather pecking, and aggression can be reduced through selecting productivity i or longevity, oroth, in a group selection paradigm (Muir, 1996 (Muir, , 2003 (Muir, , 2005 Bolhuis ci al., 2009 ).
There are variations in behavioral phenotypes within a. species and within an individual over time. Behavioral traits have a strong hereditable component in much the same way as physiological characteristics [i.e.. inherited patterns of behavior of individuals (innate behavior traits) can he modified in accordance with the habitat on all in addition, behavior of an animal is also determined by its memory and ability to learn new behaviors. Both instinct and learning affect inherited patterns in behavior.
Ability to Learn
Animals can learn new behaviors by trial and error. Wild animals live in a natural environment and possess both inborn behavior patterns (species-specialized) and learned behaviors from life experiences (individual-specialized) to survive and to produce successful offspring in competitive environments. Similarly, farm animals including chickens have the ability to learn new behaviors, which affects their ability to adapt to given environments (Martin et al.. 2000; Gibbs et al., 2008) . Change of spine and dendrite morphology (synaptic plasticity) as well as the strength of synaptic transmission (long-term potentiation) in the limbic system, especially in the hippocampus, has been found in animals following memory tasks (Martin et al., 2000) . Ali et al. (2009) reported that a. single exposure to in environment for i, h stimulates the activation of discrete neuronal populations in the mouse brain. Within the populations, animals' memory and ability to learn are influenced by both heritable and nonheritable factors
Physical Plasticity
Physical plasticity is the type of change in all affecting its actual structure (structural adaptation). It exhibits as changes of physical features of an animal, such as beak shape and body covering in birds, by which the animal can live in a. particular environment and in a particular way. For example, in 1977, Peter and Rosemary Grant documented that during drought, finches can change their physical characteristics, increased body size and beak length, to meet drought-associated environmental demands (Grant, 1986) . Honey bees can adjust their body development in response to their social environment (i.e., body development is slowed down in response to an isolated environment; Maleszka et al., 2009) .
Taken I;ogether, animals including chickens have the ability to adapt to better fit their surrounding environments through functional and physical plasticity. However, the genetic-based varieties in plasticity have been found among the individuals of a population and species in response to natural selection, artificial selection, or both.
NATURAL SELECTION IN ANIMALS
Individuals of a. population or populations can he changed by their environment through natural selection. Natural selection is defined as that "selection due to ongoing selection else effects of a past environment," (i.e., an evolutionary process that leads to differential survival and reproductive success among individuals or groups; Wikipedia, 2009) . Competing species have to constantly adapt to their environment to maintain their relative standing. Natural populations carry an immense amount of genetic variability (Dohzhansky, 1.981). Some individuals within a population, with favorable phenotypes for a particular environment, are better suited to survive and to have more offspring than others, passing their genetic material, including the genetic variants that code for those favorable phenotypes, on to the next generation through natural selection. Darwin (1859) was the first to recognize that natural selection causes the phenotypic diversit y of evolution in natural populations. In nature, selection acts to provide animals with the ability to display the best behavior (flexible behavioral programs, also called behavioral plasticity) and physiology (flexible energy programs, also called physiological plasticity) based on the costs and benefits of each, with the largest net benefit under different conditions of life being selected for at any given point in history (Krebs and Davies, 1991; Arnold, 2004 : Hendry, 2005 Arnold and Burke, 2006) . Natural selection randomly applies selection pressure (the blind force) on the individuals of a population or species. Selection pressures pull iii different directions, phenotype as a whole, and the adaptation results in an elegant compromise. Competing species have to constantly adapt to maintain their relative standing. However, iii nature, not all individuals and species of animals have equal capability to adapt to their environments or modify their behavioral and physiological characteristics in response to environmental challenges. Most animals die before becoming sexually mature. Only 'The KGB (kind gentle birds) mid MBB (mean bad birds) lines were selected from high and low productivity and survivability resulting from cannibalism and flightiness (Cheng and Muir, 2005) .
the individuals and populations with greatest adaptive capability survive to pass on their genetic material to future generations, and subsequent generations become better adapted to the environments. Diversification of populations is achieved through natural selection, beneficial traits in a given environment are acquired and maintained (in terms of survival and reproductive), whereas those detrimental in the same environment are rejected (Hendry, 2005) . The process (phenotypic plasticity) is evidenced in almost every group of plant and animal (Via and Lande. 1985) . However, it may take multiple generations before the changes are great enough to be observed.
Farm animals including chickens were domesticated from wild animals thousands of years ago to meet a variety of human needs, such as meat, milk, and skin from beef-dairy cattle; meat and skin from pigs; and meat and eggs from chickens (Andersson, 2001) . Animals have to adapt to their artificial environment for survival during the process of domestication. Adaptation in farm animals can be viewed as a continuing domestication process and a developmental phenomenon.
DOMESTICATION OF FARM ANIMALS INCLUDING CHICKENS
Changes in physical, physiological, and behavioral characteristics occur far more rapidly through domestication. Domestication is a cumulative process that occurs over multiple generations. During domestication, the selected populations of animals adapt to humans and to their captive environments by integrated changes in their genes, behaviors, physiology, and psychology to ensure the animals achieve superior inheritable plasticity. Chickens, for example, were domesticated from the wild red jungle fowl at least 5,000 yr ago (Fumihito et al., 1994) and area very productive food source of both meat and eggs. The commercial laying hen produces more than 300 eggs a year; in contrast, their ancestral parent species, the jungle fowl, lays 4 to 6 eggs per year (Natural Encounters Inc., 2006) .
During domestication, animals are housed in environments under protection by human beings, resulting in morphological and physiological changes in the animals, which could greatly shift their priorities and interests from those of their wild counterparts (Bessneck, 1985) . Domesticated chickens, as an example, are provided with food, water, and protection and are artificially selected for specific traits, such as meat or egg production. This paradigm results in survival strategies that are likely to be different compared with those from their wild ancestral breeds for which food is scare and predation pressure is high (Gustaffson et al., 1999; Andersson et al., 2000) . The outcomes of domestication may increase the fitness of farm animals because Halverson (2003) indicated that domestication is not; only improvement of the productive performance but also of the quality of life of farmed animals. The natural environments may not be suitable for domestic farm animals because they are modified or designed, or both, differently by artificial selection (domestication) as well as natural selection to function in certain wa ys to adapt to their surrounding environments (Broom, 1991; Rollin, 1992 Rollin, , 1993 Rollin, , 1995 .
The outcomes during domestication could lead to improvement of the welfare of animals by increasing fitness for the given environments. Alternatel y, these adaptive changes may carry a risk of leading to poor welfare by decreasing fitness resulting in distress. The effects of these changes on welfare should be determined from well-designed functional and motivational analyses of the natural behaviors of farm animals and the capability of their adaptability to their housing environments.
Artificial Selection
The changes in individuals in a population during domestication can he further enhanced by human intervention through artificial selection (phenoty pic evolution; Ya.rnasaki et al., 2007) . Artificial selection is the traditional way to bring about genetic improvements in farm animals [i.e., the animals with variations better fitted to the production conditions are chosen to breed for passing on favorable characteristics (specific genes) to their offspring (Gomez-Raya et al. 2002) ]. The principle of artificial selection of animals including chickens by humans is similar to that of natural selection: selecting the best animals with the highest survivability and reproducibility. Domesticated animals are spectacular departures from their original native partners, in terms of behavioral, physical, or physiological characteristics. Figure 1 . Annual percentage of mortality of the commercial (Dekalb XL), control, aid KGB (kind gentle birds) hnes. Compared with birds from the Dekaib XL hue amd control line, selected KGB birds had the lowest mortalit y (Chen , and Muir, 2005) or all of these characteristics. As Darwin (1859) indicated, artificial selection and the production of domesticated animals was a powerful analogy for the action of natural selection, and any given species is being genetically molded through selection (nature, artificial, or both) into a composite of individuals whose anatomy, physiology, and behavior are optimally suited for living and reproducing in a given environment. However, the outcomes of artificial selection are much faster and visible than those of natural selection. In some cases, its effects can he seen within one generation or just a few more (Bolhuis et al.. 2009 ).
Changing animals (modifying their genes) to accommodate their housing systems has become an important tool in breeding farm animals. Humans are constantly changing the selection pressures on domesticated farm animals, with the aim of achieving the best economic outcome, and evaluating whether populations and species of selected animals are able to adapt accordingly. Animal breeding is a slow process; however, a combination of strong selection and a high degree of heritability can change the relative abundance of genes in a population up to 10% per generation (Wikibooks, 2009) . Repeated, selective breeding events will alter the proportion of different genes over time; selected genes associated with desired characteristics will become overrepresented.
Historically, animal welfare, such as expression of desirable behavioral and physiological traits, was not considered in the traditional breeding programs (Hester, 2005) . Artificial selection of most livestock species had been motivated by traits related to efficiency and quality of production such as BW, egg production, feed efficiency , and egg quality, but this was often at the expense of animal welfare (Stricklin, 2001) . The extreme selection for one trait (productivity) could affect other traits, causing negative effects on animal welfare. For example, in laying hens, there are several consequences of selection that have ignored animal welfare: 1) if productivity is correlated with competitive capability, then the effect of selection for production is to increase competition; 2) increased competition has the effect of lowering productivity of other animals such as subordinates that are in direct contention, thus resulting in reduced (or negative) gains for productivity (as a group); and 3) genotype-genotype interactions (competition) invalidate the traditional best linear unbiased prediction animal model and negate many advantages of this technology and could in fact make it a liability. For instance, through more than 20 yr of selection, egg production has increased significantly in the commercial Dekalh XL birds, whereas mortality due to aggression and cannibalism in non-beak-trimmed birds has also increased about 10-fold (Muir. 1996) .
Broiler chickens, selected for meat production, grow too rapidly (more than 2.5 to 3 kg within 5 to 6 wk) to be supported by their legs and heart, resulting in lameness or ascites, or both. Similar to the findings in poultry, selection for the Rex hair color in rabbits has resulted in disturbance of metabolic and endocrine functions that increase mortality and susceptibility to specific diseases (Muntzing, 1959) . These findings support our hypothesis that an animal is a wholeorganism. Selection for phenotypic characteristics associated with production will affect other traits that regulate their domestic behavioral and physiological adaptabilities to the current intensive housing environments. The results further provide evidence that when selection acts on a single trait, it can simultaneously act to move 2 or more traits that are linked by pleiotropy (i.e., physical linkage or adjacent to one another on the chromosome and behave as if they are one gene; Sinervo, 1997; Stricklin, 2001; Bijma et al. 2007a,b) .
In chickens, artificial selection has acted on the genetic variability (specific alleles) of the populations to produce food for humans, such as egg production or meat production, causing genetic changes that result in visible structural alterations and the changes Table 3 a.ht4cans 0thin a column with different superscript differ significantly (P < 001). t m The KGB (kind gentle birds) aaid MBI3 (mean had birds) lines were selected from high and low productivity and survivability residting from eonnihnlis,n and flightiness (Gheng and Muir, 2005) , 2EP = epinephrine; NE = norepineplirine. ((11(1 Muir. 2005)_ in associated physiological activities. However, these changes could he positive or negative to chicken wellbeing. Selection pressure should be carefully balanced across multiple traits, especiall y in the context of their housing environments, such as batter y cages. furnished cages, barn system, and free-range, as well as group size and density.
Group Selection in Laying Hens
Breeding of t oulorro\vs cluckeus to improve vell-being requires enhancing the adaptabilit y of the animals to their surrounding environments. It is a complex interaction between genes and the social environment. Social interactions can substantially increase heritable variance ill trait values (Bijma et al., 2007b; Bergsma et al.. 2008: Ellen et al.. 20(8) . In laying hens, for example, social effects contribute to approximatel y half of the heritable variance in mortality due to cannibalism (Ellen et al., 2008) . Functional integrations between behavior, physiology, and morphology may create suites of traits iii animals that are simultaneously acted upon by selection. Based oil findings, we developed a selection prograni named group selection (Craig and Muir. 1996a.h; Muir, 1996 Muir, , 1997 Muir, , 2003 Muir, . 2005 . In group selection, effort is focused oil how individuals survive and reproduce in a. group. The advantage of the program is that it allows selection oil traits but takes into account competitive interactions in a group setting. The program focuses oil environment, and genetic-environmental interactions, by which it turns "survival of the fittest." with emphasis on the individuals to "survival of the adequate" with emphasis oil group, by which antisocial behaviors are overcome.
III studies, a synthetic line of White Leghorns was used in the selection program. A commercial Dekaib XL line was one of the resources used to establish the line (unselected control line) from which the selected kinder gentler line was established. During the selection, each sire family was housed as a. g..0111) in a. multiple-bird cage and selected or rejected as a group based on the production performance and longevity. Birds were not beak-trimmed and lights were maintained at high intensit.v so as to allow expression of variation for aggression, feather peckitig, uiil cannibalism. Through the selection. 2 divergent chicken lilies. KGB (kind gentle birds) with high group groiq productivity and survivability and MBB (mean bad birds) with low group procluctivit.v and survivabilit y, were developed (Table 1. Figure  1 : Muir, 1996: Cheng and Muir. 2005) . Use of these 2 diversely selected strains as animal models has shown that selection for high ail(] and low group productivity and longevity with alterations in cannibalism and flightiness affected the regulations of the neuroeudocrine system of selected birds. Corticosterone (Table 2) and monoairlines, such as 5-HT. DA, epinephrine. norepinephrine (Table 3) . and immune parameters (Table 4 , 5, Figure  2 Cheng and Muir, 2005) . were differently regulated following group selection pressure. Compared with the reverse selected birds (MBB). KGB birds selected for more productivity and longevity showed higher domestic behaviors, (low cannibalism and flightiness) and positive alterations in the neuroeudoeriue system (lower blood concentrations of 5-HT, DA, and epinephrine and higher levels of plasma corticosterone). These alterations are likely associated with their superior coping ability when confronted with a novel emivironinent or a greater resistance to stressors (Hester et al., 1996) . The functional interactions between behavior , physiology, and morphology ma y create suites of traits for different coping capabilities to their environments. The unique homeostatic characteristics of each selected line may provide a. neurobiological basis for investigating effects of genetic factors oilphysiological functions of hiogenic amines involved in productivity and longevity related to domestic behaviors. Results from these studies have shown that productivity can be increased while at the same time well-being improved. The method has been verified in poultry breeding applications and has resulted iii (iraniatic improvements in survivability. productivity. and welfare (Ellen et al.. 2008 
GENETIC ENGINEERING IN POULTRY
The genetic makeup of farm at iiiiials. including that of chickens, has been changed b y selective breedin g for desirable production. behavior and 1 ot her biological traits (phenot ypes) since domestication. Genetic selection is an important breeding tool that can be used for improving the coping capability of an animal to a particular production environnient and for increasing economic benefits. The progress made in breeding and biotechnology has brought new life to the attempts of research and industrto improve animal well-being through modification of behavioral and physiological characters of anijimals. Over the course of the past 2 decades, researchers have evidenced the potential for alternative methods of selection to increase both procluct ivitand animal well-being. Such methods will benefit both the producers and the animals.
Over the past 5 decades, specialized companies have emerged to develop high-y ielding breeds of broiler chickens. laying liens, pigs. and dair y and beef cattle using various modern technologies iii addition to traditional methods of animal breeding. such as artificial insemination. embr yo transfer, and cloning. Recentl y, with the discovery of time map of genomlncs, including whole genome sequences (International Chicken Genonie Sequencing Consortium. 2004a) and a high-densit y SNP map (International Chicken Polymorphism Map Consortium, 2004h) in chickens, the characterization of avian biochiversitv (-,Ili he established more rapidly and efficientl y. Breeding progranis will be impro v ed greatly by identification of candidate genes (molecular markers) related to desirable physical or behavioral characteristics (biological traits), that is, niarker-trait associations (functional genonncs) , as well as transgenics and RNA interference. Selection oil as opposed to phenotype. promises to be more accurate, efficient, and econoniicallv beneficial even before production traits are measured (Burt. 2005 : Harpendimig and Cochran. 2006 : Cogburn et al., 2007 : \\oinack. 2007 : Laible, 2009 ). Such selection has been and will continue to be very successful iii breeding chickens. as well as other farm animals. with high production efficienc y and optimal welfare.
In conclusion, numerous studies in various farm animals including chickens have demonstrated that animals call to their environments b y changing their behavioral and biological characteristics including genetic sequence. The heritable traits that are beneficial to individuals of a population in a particular environment call passed on to tc) hitmire generations. In addition, the discovery of genomilic sequences is an essential step toward identifying genetic markers of adaptation of animals. Advanced genetic technologies provide a new opportunity for genetic improvement of animals, which will speed up breeding programmis for successfully breeding tomorrows auinials including chickens with high production efficienc y and optimal welfare, resulting from resistance to stress. (lisetlse. oF 1 tot Ii.
